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This report presents one of a series of studies designed to improve classifi-
cation efficiency by applying principles of dififzrential assignment theory. The

. major objectives of this study are to examine clzssification efficiency as a func- i

tion of the number of job families and to examirz alternative methods for clustering |

.or forming job families. Factors investigated iaclude alternative methods for con-

structing assignment variables or predictor comrosites; the effects of using a more
economic criterion, size, and heterogeneity of the test battery from which assignment’

‘variables are formed; and the size of analysis szmples used to form assignment

variables,

Sets of synthetic scores (entities) that have the statistical properties of
empirical test scores were generated. The synthetic entities were assigned under :
the differing experimental conditions being simulated, and mean predicted performance!

was computed for each alternative being investigated to form the unit of comparison
among alternatives. We refer to the simulation of personnel systems process using
synthetic scores as model sampling. A cross validation design was employed that
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eliminated traditional back sample inflation due to sampling error. In one
design, 18 jobs from Project A, validated against core technical proficiency
criteria, were used in a model sampling experiment., In a second design, 60
jobs were used validated against skill qualification tests.

In the 18-job case, the use of full least square (FLS) composites of the
29 Project A predictor variables (9 ASVAB tests and 20 experimental tests) for
making optimal assignments to 12 classification-efficient composites provides
an increase of 299 pcrcent over the operational aptitude areas and their
associated 9 job families, In the 60-job case, changing from FLS-ASVAB com~-
posites and their associated 9 operational job families to FLS-ASVAB composites
and a classification-efficient set of 23 job families provides a gain of 177
percent, Findings also show that the use of the FLS assignment variables
alone derived from the present ASVAB provides a 133 percent improvement over the
use of operational aptitude areas as assignment variables. In contrast, the
additional classification efficiency provided by adding all 20 of the Project
A experimental variables to form a new, much larger classification battery is
a further average gain of 29.1 percent in mean predicted performance in the
18-job case.

This study presents further evidence strongly supporting the principles of
differential assignment theory and suggests a number of operational steps that
should be implemented to permit effective personnel classification,
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FOREWORD

This report is one of a series of research efforts designed
to improve the selection and classification efficiency of the
Armed Services Vocational Aptitude Battery (ASVAB). The research
reported is unique in that it contributes to both methodological
issues in personnel assignment theory and to the formulation of
new job-matching policies based on scientific principles. 1t is
an example of how basic research can stimulate and provide direc-
tion to applied research.

Two important general conclusions can be drawn from the
findings. First, we see a higher classification efficiency in-
herent in the ASVAB than is usually posited. Second, the exist-
ing operational assignment composites could be reconstituted to
substantially improve classification efficiency by considering
the expansion of the number of job families, by clustering jobs
into classification-efficient job families, and by using assign-
ment variables of least squares estimates of performance based on
all variables in the operational test battery.

Such a major reconstitution of job families in the Army’s
classification systems must be based on all available validity
data as well as on information available from job analyses. A
number of personnel classification and assignment policy issues
also must be resolved before a new system incorporating differ-
ential assignment concepts and principles can be implemented.
The results of this research, however, should eventually lead to
very substantial gains in classification efficiency.

EDGAR M. JOHNSON
Technical Director
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IMPROVING CLASSIFICATION EFFICIENCY
BY RESTRUCTURING ARMY JOB FAMILIES

SUMMARY

A. Introduction

The present selection and assignment model sampling experiment is a basic research
effort that contributes to the practical body of knowledge essential to both a formulation of
personnel job matching policies based on scientific principles and the design of research to
provide effective techniques and tools for the implementation of these policies. The findings of
this experiment are organized and interpreted in the context of differential assignment theory
(DAT).

Our knowledge of DAT derives from the results provided by psychometric theory,
modeling, and simulations of personnel selection and classification processes across a broad area
of topics that includes specifying and evaluating (1) personnel measures for inclusion in
experimental and operational batteries; (2) selection and assignment variables such as aptitude
areas (AAs); (3) selection and assignment strategies and algorithms; and (4) sets of job families
corresponding to the assignment variables. This study focuses on the latter, more specifically,
on the gains in mean predicted performance (MPP) obtainable from a reconstitution of Army
jobs into more numerous and more classification-efficient sets of job families for use in the
classification process. As a result of the findings of this study DAT is extended and refined,
and the immediate operational implications for the Army classification system become evident.

In this summary, we emphasize the practical findings derived from the model sampling
experiment described more completely in the body of the report. As noted, the results of this
study have immediate implications for policy makers. When these results are considered in the
broader context of DAT, they point the way for immediately effecting major improvements in
the personnel classification system and a longer range redesign of the personnel classification

system to maximize classification efficiency. This complete redesign should not be completed
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until further validity data becomes available. Expected results have the potential of improving
the Army’s annual productivity by an amount that would cost the Army hundreds of millions of
dollars each year if achieved by using alternative approaches such as recruiting a greater
proportion of high-quality personnel or the use cf longer and/or more intense training programs.

B. Operational Issues

For more than a decade, there have been a number of advocates calling for the reduction
of the number of job families used by the Army in its classification system. These advocates
frequently pointed out that there are no more than four strong content clusters (i.e., group
factors) in the test content of the ASVAB and that four job families corresponding to the Air
Force’s four job groupings would adequately reflect ASVAB content. Such an argument, of
course, requires the equating of predictor dimensionality with the number of job families to
which these predictors can be used to make reliable assignments. Proving this argument to be
fallacious is a major objective of this study.

We argue that mean predicted performance (MPP) is the figure of merit most appropriate
for comparing the benefits obtainable from the implementation of alternative system designs and
operational strategies for selecting and assigning personnel. Unfortunately, many investigators
prefer to use predictive validity as the measure of classification efficiency. They define
classification efficiency in terms of the effect that proposed changes have on the validities of
assignment variables for performance in jobs within their associated job families.

Investigators that rely on predictive validity as the measure of classification efficiency
are typically quite pessimistic about the value or utility of personnel classification. They appear
to be greatly influenced by the degree of unidimensionality in the predictor space and the
undeniably dominant contribution that the largest principal component (PC) factor makes to both
the predictor intercorrelations and validities. Thus, they assert that the dominance of the first
(largest) PC factor prevents the realization of significant classification effects. These advocates
also are typically impressed with the lack of stability in regression weights when used in
independent samples. Much of this pessimism results directly from the use of predictive validity

as the measure of classification efficiency.
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The present research uses MPP as the measure of classification efficiency and permits

effects of both dimensionality and instability of regression weights to appropriately affect

measures of classification efficiency. The results remain entirely free of the effect of all sample

error and biases in one experiment (Design A) and are essentially free of all biases that might

affect the comparisons of the primary conditions in the second experiment (Design B). A cross
validation design is used in both.

Factors relevai-t to the design of an optimal classification component of personnel systems

are investigated in this study. These factors can be summarized as follows:

1. Number of job families and corresponding assignment variables, (e.g., the Air Force
has 4 composites or assignment variables, the Army has 9, the Navy has 11 and the
Marines have 5). DAT recommends as many as can be provided stable weights for the
assignment variables (AVs) by the available validity data.

2. Alternative methods for forming job families.

3. Alternative methods for constituting AVs.

4. The effect of using a more economical criterion variable, (e.g., use of the Skill
Qualifications Test, SQT, to determine job family structure and it7 ase as the
dependent variable for computing "best" weights for the formulation of assignment
variables).

5. Size and heterogeneity of the test battery from which the assignment variables are
formed.

6. Size of analysis samples required to form assignment variables, (e.g., by computing
"best’ weights for the tests in a test composite).

In the present study, emphasis is on the first two of the six factors outlined above. The

remaining four factors are introduced, in a less complete fashion, to provide a contextual basis

of determining practical interactions with the two primary factors. Mean predicted performance

(MPP) is used to compare levels within and across these factors.
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C. Research Approach

It is possible to conduct a study of this type either by drawing samples from a large data
bank of empirical test scores or by generating sets of synthetic scores which have the statistical
properties of empirical scores, including their expected intercorrelations, validities, means,
variances, and shape of their score distributions. In either case, the assignment and classification
processes associated with each alternative policy being investigated must be simulated and mean
predicted performance computed at the conclusion of each simulation.

We chose to conduct the present study by generating sets (vectors) of synthetic scores
separately based on the data from multiple jobs, 18 and 60 respectively, provided by two major
Project A empirical studies. Each empirical data set is corrected for restriction in range due to
selection effects and the criterion variables corrected for unreliability. The corrected predictor
covariances and validities are then used to represent the two separate designated populations
from which synthetic scores are drawn. The Design A experiment uses Project A concurrent
study data which provides the covariances of 29 predictors and validities for 18 MOS provides.
These 18 empirical samples provide the parameters to define the designated population for
Design A.

Covariances among ASVAB tests and validities of these tests against SQT scores for 60
MOS were selected from a Project A data bank, corrected for restriction in range and
attenuation, and used to compute the parameters to define the designated population for Design
B. Both designated populations are assumed to represent the same youth population.

We refer to the simulation of personnel system processes using synthetic scores as model
sampling. Our use of model sampling has several major advantages over the use of empirical
scores to conduct system simulations. For example, model sampling permits the generation of
as many independent samples as desired from the population from which recruiting and selection
is accomplished, and thus allows the use of a research design that controls or measures the
effects of different sources of sampling error or bias.

In Design A, the designated population is used to generate: (1) an analysis sample with
the same number of entities in each MOS as is present in the empirical data set used to define

the designated population, and (2) 20 independent cross samples for use in the simulations. Each
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cross sample is used separately for each condition in a repeated measures design. The analysis
sample is used in applying the empirical job clustering method to form job families and in
computing the "best" weights to be applied to cross sample scores to form predicted performance
measures (FLS composites) for use as AVs in the simulations. Weights from the designated
population are applied to cross sample scores at the completion of each simulation to obtain the
MPP standard scores used as measures of classification efficiency.

The designated population of Design B serves as the source of weights for both
assignment and evaluation variables. The assignment variables represent predicted performance
within job families while the evaluation variables are the predicted performance measures
separately computed for each job. After optimal assignment to a job family each entity is
randomly assigned to a job within that family and the entity’s predicted performance score
computed. While scores for all evaluation variables are computed using weights computed on
independent samples, avoiding traditional back sample inflation, the less well known effect of
correlated error across assignment and evaluation variables was not eliminated in Design B as
it was in Design A. Since psychometricians lack experience in the effects of this kind of bias,
we avoid making the kind of experimental comparisons in Design B which would be most
affected by its presence. We do not, for example, contrast the classification efficiency of a
priori and empirically determined weights for the test composites making up the assignment
variables of Design B.

D. Major Findings
1. Design A

It is unfortunate that in this experiment, for Design A, we have the best criterion
variables, but we also have only 18 jobs. This limitation severely limits what we can determine
in this experiment and is the reason why we also provided for Design B where 60 MOS could
be utilized. However, some of the most important conclusions of this study are drawn from
Design A where we have both the more credible criterion variables and a more complete control

of correlated error and biases.




In each simulation of both Design A and Design B, we first reject 25 percent of the
entities of each sample on the basis of their AFQT scores. We then optimally assign the entities
to job families. All MPP standard scores reported in this summary give the expected MPP
standard score after the results of selection were subtracted from the total MPP standard score
obtained as a result of simulating both selection and optimal assignment. For our baseline
condition in Design A, we distribute the 18 jobs into the current 9 operational job families and
use the existing aptitude area (AA) scores as the assignment variables.

Making selection and assignment decisions by chance yields an MPP standard score equal
to zero. Selecting 75 percent of the entities as having the highest AFQT scores, provides an
expected MPP of .225 for Design A under the hypothetical condition of random assignment to
jobs. Using the operational AAs and job families in conjunction with an optimal assignment
algorithm adds only .092 to the MPP standard score. As noted above, we use this condition in
Design A as our baseline against which to examine the gains obtainable from adding
improvements by stages; the percentage improvement over both the baseline condition and the
previous stage is given at each stage.

In stage one, we substitute 9 least square weighted composites based on the full ASVAB
(FLS-ASVAB composites) for the 9 operational aptitude area composites. This yields an MPP
attributable to classification effects of .214, an increase over baseline of 133 percent.

In stage two, we substitute the 9 classification-efficient job families for the 9 operational
job families while using the corresponding FLS-ASVAB composites as assignment variables.
This provides an MPP that is greater than that provided by selection (MPP = ,245), a
percentage increase over baseline of 166 percent, and a gain over stage one of 14.5 percent.

For stage three, we increase the job families from 9 to 12 while still using corresponding
FLS-ASVAB composites as assignment variables. This change provides an MPP due to
classification of .277, an increase of 201 percent over baseline and 13 percent over stage two.

Stage four involves the substitution of the 29 Project A concurrent validation
experimental variables for the 9 ASVAB tests in the computation of the corresponding FLS
composites -- providing a measure of the upper limit of the gain in MPP obtainable from the
optimal use of the Project A experimental predictors to expand the dimensionality of the
operational classification battery. The use of these FLS-experimental composites for making
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optimal assignments to the 12 classification-efficient job families provides an MPP due to
classification of .367, an increase of 299 percent over baseline and 32.5 percent over the MPP
obtained in stage three.

The reduction in the number of job families from 9 to 6 provides a reduction in MPP to
.191 when the FLS-ASVAB are used as AVs; this is a 22 percent reduction when compared to
the stage two results. A reduction of 24 percent results if FLS-experimental composites are used
instead of FLS-ASVAB composites in a parallel comparison of assignment to 6 classification-
efficient job families as compared to the use of 9 classification-efficient job families for this
purpose.
2, Design B

The 60 MOS for which Skill Qualification Test (SQT) scores are available permit the

clustering of jobs into three sets of a priori job families as follows: (1) the 9 operational job
families used by the Army for initial classification and assignment; (2) 23 of the Army’s 35
career management fields (CMFs); (3) an intermediate set of 16 families based on a compromise
between the two sets of a priori clustering concepts. An empirical classification-efficient
clustering algorithm was used to provide parallel sets of 9, 16 and 23 job families. MPP is
computed after all of the entities are optimally assigned to a job family within one of the six sets
of job families. The FLS-ASVAB composites are used as assignment variables for making
optimal assignments to job families within each of the six sets.

The Design B baseline is provided by FLS-ASVAB composites using the 60 jobs formed
into the 9 operational job families. This results in an MPP standard score of .135. The use of
16 a priori job families results in an MPP of .258, a 91 percent improvement. An increase to
23 CMF job families results in an MPP of .297, an improvement of 120 percent. Similarly,
increasing the number of empirically determined classification-efficient job families from 9 to
16 improves MPP by 24.4 percent, and an increase from 9 to 23 job families in the classification
system provides an improvement of 40.6 percent. The above results, plus those obtained from
an increase from 16 to 23 job families, are provided in Table S-1.

The substitution of the empirically determined job families for the a priori job families
increases MPP by 97 percent when there are 9 job families, 28 percent when there are 16 job
families, and 26 percent when there are 23 job families. The total gain in MPP achieved from
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Table S-1

COMPARISON OF DIFFERENCES AND PERCENTAGE GAINS IN
MPP USING SQT AS THE CRITERION FOR 60 JOBS

Number of Job Families

Empirical Operational
Difference % Gain Difference = %_Gain
Increase from:
9to 16 065 24.4 123 91.1
16 to 23 .043 13.0 .039 15.1
9t 23 .108 40.6 .162 120.0
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changing the structure of the 60 MOS from 9 operational job families to a classification-efficient
set of 23 job families provides a gain of 177 percent, of which 120 percent is immediately
obtainable from the increase in number of job families and the additional 57 percent can then
be obtained from also using the improved method of structuring jobs. If the first change is in
the method of forming job families, the first gain is 97 percent and the second gain, from also
increasing job families from 9 to 23, is 80 percent.

E. Conclusions and Recommendations
The findings of this study strongly support a number of DAT principles including:
a. The largest immediate improvement that can be provided for any personnel
classification system is the use as assignment variables of least square estimates of
performance based on all variables in the operational test battery, that is, the adoption
of full least square (FLS) composites as replacements for the present type of
aptitude area composites.
b. The optimal number of job families for inclusion in an FLS composite based
personnel classification system is as many families as can be coupled with adequately
valid assignment variables. The factor limiting the number of job families is the
availability of validity data for the constituent jobs in the job families. For example,
although there are approximately 260 entry-level Army jobs, the Project A database used
for this study would not be able to provide even minimal validity data for more
than about 40 job families.
c. Whenever it is not feasible to provide separate FLS composites for each job, it is
essential that jobs be clustered into job families in a manner that maximizes
classification efficiency.
d. The expansion of the dimensionality of the classification battery by the inclusion of
more predictors with greater heterogeneity can be expected to increase the potential
classification efficiency to about the same extent as can be accomplished by the use of

more classification-efficient job families in place of the existing a priori job families.
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The principles given above are very strongly supported by the results of this study. Some
investigators have suggested contradictory classification system guidelines based on erroneously
equating classification efficiency to predictive validity. But when measurement of classification
efficiency is made in terms of MPP, computed after entities have been optimally assigned to
jobs, as in this study, DAT principles have been consistently validated.

Design A provides further evidence that the operational AA test composites are grossly
inadequate. At the same time, data strongly suggest that the present ASVAB tests have
sufficient multidimensionality and differential validity to permit effective personnel classification.
In the present study, we see that assignment variables derived from the ASVAB (of the type
recommended by DAT) have a 133 percent improvement over the operational AVs. The
additional classification efficiency provided by adding all 20 of the Project A concurrent
validation experimental variables to the 9 existing ASVAB tests to form a new, much larger,
classification battery provides a further gain in MPP of 32.5 percent.

While the procedures used to form the existing operational job families are clearly not
optimal, they are much more effective than are the AA composites corresponding to each family.
Most of the potential increase in MPP obtainable from using more job families is available from
the use of a priori job families that meet other operational needs.

The primary technical report on Project A (McLaughlin, Rossmeissl, Wise, Brandt, and
Wang, 1984) concludes that job clustering processes in the context of the same validity data as
used for our Design B lacked sufficient stability to warrant confidence that any gains provided
would be demonstrable in independent samples. However, the emphasis in McLaughlin, et al.
(1984) was on the instability of the regression weights for FLS composites, rather than on the
MPP achievable from the optimal assignment of entities in independent samples to alternative
job families. DAT favors the latter utility approach over the use of psychometric indices, as
favored by McLaughlin et al. (1984), that have no apparent connection to utility.

Operational job families should be based on the use of all available information and must
provide for all MOS. This study has not attempted to make maximum use of even the two data
sets selected for use with Design A and Design B, let alone make use of all of the validity
information available to the Army. Thus, while we believe our findings to be based on
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adequately representative data that permit credible conclusions regarding the utility of utilizing
more and better defined job families in the Army initial classification system, we do not
recommend the installation of the specific job families identified in this study. We instead
recommend the integration, through expert judgment, of the information from: (1) our CE job
clustering procedure as used on Design A, Design B, and additional data scts; (2) CMF
membership of each MOS; and, (3) classification family membership of each MOS. The use
of such an integrated approach would readily provide 20 to 30 credibly classification-efficient
job families for use in a revised classification system.
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IMPROVING CLASSIFICATION EFFICIENCY BY
RESTRUCTURING ARMY JOB FAMILIES

I. INTRODUCTION

A. Objectives

The purpose of this research is to build upon the foundation of differential assignment
theory by examining the effects of restructuring Army job families on potential classification
efficiency (PCE). Specifically, this research addresses the effects on PCE of (1) increasing
the number of job families; (2) employing different job clustering methods to form job families;
(3) using full least squares (FLS) composites instead of aptitude area composites for assignment;
(4) substituting different criterion measures in the joint predictor-criterion space; (5) increasing
the dimensionality of the predictor space; and (6) computing the regression weights of FLS
composites on moderately sized analysis samples (as contrasted to the infinitely large analysis
samples used in the studies of Nord and Schmitz, 1989, 1991 and Whetzel, 1991).

Focusing on the job family structure is a promising approach to improving classification
efficiency. In this research, a new job clustering method is proposed that minimizes the
successive reduction in potential classification efficiency in the resulting job families. The goal
is to provide a job family clustering method that contributes to an improvement in the ability to

classify individuals efficiently and, thus, an increase in overall mean predicted performance

(MPP).

B. Theoretical Background

The earliest and most significant contributions to classification research come from the
psychometric theories of Hubert Brogden and Paul Horst during the 1940s and 1950s. Their
work provides the theoretical foundation for all subsequent research on classification. Building
upon the work of these early researchers, Zeidner and Johnson (Johnson & Zeidner, 1990, 1991;
Zeidner, 1987; Zeidner & Johnson, 1989a, 1989b, 1991a, 1991b) introduced differential
assignment theory (DAT) as part of a revival of classification research within the field of
personnel psychology. The following section will provide a brief review of the early work of

Brogden and Horst as it relates to the present research. In addition, the following section will




contain a discussion of some of the key principles in differential assignment theory relevant to
this research.
ion Efficien Perform ; Brogden’s All

Hubert Brogden is responsible for directly tying measurement of classification efficiency
to mean predicted performance (MPP) and thus to the utility of classification. Brogden (1946,
1949; see also Brogden & Taylor, 1950) is probably most well-known for his models estimating
the utility of selection devices. The utility of a selection device is the degree to which its use
improves the quality of the individuals selected beyond what would have occurred had that
device not been used (Blum & Naylor, 1968). Brogden (1949) used the principles of linear
regression to demonstrate how the selection ratio and the standard deviation of job performance
in dollars affect the economic utility of a selection device.

Brogden’s concentration on the utility of selection devices led naturally to the expression
of classification in the same terms. In 1959, Brogden developed a general allocation model in
which he examined the efficiency of classification as a function of the validity of the estimates
of job performance, the degree of intercorrelation of these estimates, and the number of jobs.
His goal was to show the effects of these variables on productivity when classifying individuals
to jobs. He demonstrated that MPP = R(1-r)"*f(m). In this formula, R is the average
predictive validity of the least squares estimates (LSEs) of job performance, r is the average
intercorrelation among the LSEs of job performance, and f(m) is an order function which reflects
the effects of increasing the number of jobs (m) or job families on classification efficiency.

From this formulation, it is apparent that when R and f(m) increase, MPP also increases.
However, note that the lower the intercorrelation among the LSEs, r, the greater the MPP. In
practice, it is not unusual to have fairly high intercorrelations among the LSEs. The significance
of Brogden’s finding is that even when the intercorrelations among the estimates are high,
considerable classification efficiency remains. @ As Brogden points out, even with
intercorrelations of .80, classification gains are 45% as great as with intercorrelations of zero.
Nord and Schmitz (1989, 1991) found in their empirical study that even with an average r of .95
among the predicted performance LSEs, they were able to obtain considerably greater MPP
when LSEs were used for assignment compared to when the U.S. Army’s operational composites

were used for assignment.




The significance of Brogden’s formulation to the present research is that the predictive
validity, R, and the average intercorrelation among the LSEs, 1, are both affected by increasing
the number of job families. Increasing the number of job families in a classification-efficient
manner affects validity, R, because it results in more homogeneous jobs being placed together
to be predicted by a single LSE. With more homogeneous job families, more precise
classification of individuals into those families is possible. This more reliable and precise
prediction capability results in an increase in validity (R). Increasing the number of job families
in a classification-efficient manner affects the intercorrelation, r, among the LSEs because it
results in a greater uniqueness in the job families. Thus, it is possible to capitalize on the
differences among the job families resulting in a decrease in the average intercorrelation among
the LSEs.

However, Brogden (1959) also demonstrated, through the order function f(m), that even
if R and r are held constant, increasing the number of jobs will increase classification efficiency.
This effect is analogous to the effect that the selection ratio has on the selection process. For
the selection ratio, as the number of applicants increase or the number of available vacancies
decrease, more selectivity into these vacancies is possible resulting in an increase in predicted
performance. Similarly, as the number of jobs or job families increase, it is possible to more
precisely assign individuals to the jobs or job families by capitalizing on intra-individual
differences. This greater precision in assignment would also result in an increase in predicted
performance.

Brogden (1959) made a number of simplifying assumptions in order to mathematically
demonstrate the relationships just discussed. The present research provides a more realistic,
empirical test of these relationships. As the number of job families increases, validity should
increase and the intercorrelation among the LSEs should decrease. These effects should be
manifested by an increase in MPP after optimal assignment to jobs.

2. Horst's Diff ial Validity Ind

Paul Horst (1954) is the primary contributor to the theory and methodology underlying
the design of classification-efficient test batteries. The most classification-efficient test battery
is one with the greatest differential validity. Differential validity represents the ability of a test
to forecast differences in performance in different jobs (Cascio, 1991). A simple example of

3




the concept of differential validity can be illustrated through a two-job classification problem.
For two jobs, A and B, one test would be selected for inclusion in a classification-efficient
battery that had a high correlation with performance on job A and a low (or preferably negative)
correlation with performance on job B. Then, another test would be selected that had a high
correlation with performance on job B and not on job A. The resulting battery would be one
with high differential validity. The goal is to be able to predict an individual’s relative fitness
for job A over job B or vice versa.

Thus, in order to develop classification-efficient test batteries, Horst (1954) needed to
first define an index of differential validity to be used for much more complex, realistic test
development. Horst’s differential index, H,, can most generally be stated as the sum of the
squared correlations between the difference of each pair of criterion scores and the
corresponding pair of differences between the best weighted predictors of each criterion. Note
that in order to compute a difference between each pair of criterion measures and the best
predictor of each difference, it is necessary to have criterion measures for each person on each
job. Since this is never possible in actual practice, Horst (1954) stipulates that predicted criteria
based on the "least-square” estimates from the test battery be substituted for the unobtainable
actual criterion measures. This theorem is a key assumption underlying classification research
since without it evaluating the efficiency of various classification batteries and classification
procedures would not be possible.

Brogden (1955) provided a rigorous proof of this theorem showing that, for any
assignment to jobs, the sum of the multiple regression criterion estimates will equal the sum of
the actual criterion scores. This theorem holds because the actual criterion components that are
orthogonal to the joint predictor-criterion space are totally irrelevant to either the implementation
of a selection/classification process, or to the measurement of process efficiency. The only
criterion components that are relevant are within the joint predictor-criterion space, and the
correlation of predicted performance with actual performance is unity when computed in the joint
predictor-criterion space. When both the predictors and the predicted criteria are the least
square estimates (LSEs), Horst’s index simplifies to the average squared difference between each

pair of criterion measures.




Horst’s differential index, H,, plays a key role in the present research because it is H,
that is maximized in the classification-efficient job clustering algorithm developed for this
research. Thus, although H, is typically used for selecting the most classification-efficient tests
for a test battery, the present research is designed to demonstrate that Hy can also be used in
forming classification-efficient job families.

The purpose in forming classification-efficient job families with the use of H, is to
provide an increase in MPP. Horst (1954) was simply defining a psychometric index and
provides no link to the measurement of MPP. However, it has been demonstrated that Horst’s
differential index can be directly linked to MPP, and thus to utility, through its relationship to
Brogden’s measure of classification efficiency (Johnson & Zeidner, 199G, 1991).

Brogden’s 1959 model is based on a set of assumptions regarding the relationships among
and across predictor and criterion variables {Jchnson & Zeidner, 1990, 1991). These
relationships can be depicted in terms of Spearman’s Two Factor theory. Brogden’s assumptions
are met if: (a) the factor matrix, F,, is a matrix such that F,F,’ is equal to C, (the covariances
among predicted performance scores), (b) all elements of the first general factor (the g factor)
from F, are equal to the product R(r)'?, and (c) the remaining factors (specific unique factors)
from F, can be expressed as a diagonal matrix with the diagonal elements equal to R(1-r)'2. It
is possible to show a link between Brogden’s model and Horst’s differential validity index
because Horst’s Hj is equal to the sum of the squared deviations from the column means of each
element of F,. The sum of squared deviations for the first column of F, (the g factor) is equal
to zero, and the sum of the squared deviations for the remaining m columns of F, (the unique
factors) is R(1-r). Thus, H, is equal to (m-1) times R(1-r) when Brogden’s assumptions are met.
Brogden’s complete formula for mean predicted performance is: MPP = R(1-r)*f(m).
Therefore, when substituting Horst’s index it is only necessary to take the square root of Hy,
divide by (m-1), and multiply by f(m) to obtain MPP when Brogden’s assumptions are met.
Thus, it is reasonable to expect, to the extent that Brogden’s model is robust with respect to his
assumptions, that H, closely approximates MPP. Even though we know Brogden’s assumptions
are rarely met in empirical data, we can still expect that the utilization of a clustering method

that increases Hy will also increase MPP. Similarly, other trends such as the increase in the




number of job families that result in an increase in H,, can be expected to provide a similar
increase in MPP.
3. Concepts and Principles of Differential Assignment Theory

Differential assignment theory (DAT) can be defined by four organizing concepts: (1)
to maximize benefits, a set of quantitative principles must be employed that embrace selection
of piedictors in a battery, the structure of job families, and the strategies and algorithms used
in the selection/assignment process; (2) utility models, measuring benefits in terms of mean
predicted performance, provide the best approach for specifying personnel selection policies and
procedures for operational systems; (3) benefits for both selection and classification procedures
are maximized by using the same weights for a given set of composites under optimal
conditions, while under non-optimal conditions, selection and classification must be separately
considered; and {4) any multidimensional selection/classification strategy and algorithm can be
practically implemented in operations by utilizing available computer capabilities.

Several of the key principles of DAT are directly relevant t¢ the current research. At
the core of DAT is the principle of multidimensionality in the joint predictor-criterion (JP-C)
spzce. It is this principle that . -ves as the theoretical foundation of DAT with regard to the
nature of human abilities. DAT assumes a non-trivial degree of multidimensionality in the joint
predictor-criterion space. This means that differential assignment theory assumes there are other
factors besides the "g" factor (general cognitive ability) that can play a significant role in the
selection and classification process. This assertion is counter to the consensus established in
recent decades that a general cognitive ability component is sufficient for predicting job
performance in all jobs (see the Special Issue of the Journal of Vocational Behavior, 1986, for
a collection of opinions).

Indeed, since the advent of the type of validity generalization (VG) research introduced
by Frank Schmidt and John Hunter in the 1970s (Schmidt & Hunter, 1977), there has been
increasing support among measurement specialists for the sole use of g for predicting job
performance. Current VG theory, as contrasted with Mosier’s (1951) earlier concept, is founded
on the principle that the g factor has an overriding influence on performance, and it is this
common element among jobs that enables validity to be generalizable across different jobs and
situations.




DAT is enriched by broadly based VG concepts and findings. However, the VG
emphasis on the g factor, or on g plus one or two additional group factors, prevalent among
strong proponents of VG theory, is not a requisite characteristic of DAT. While the theory is
not restricted to any particular factor structure, the assumption of a non-trivial degree of
multidimensionality in the JP-C space is essential.

Recent research has shown that contrary to the belief of many VG theorists, it is possible
to demonstrate a non-trivial degree of multidimensionality in the JP-C space. Whetzel (1991)
factored the predictor-criterion covariances of the same U.S. Army Project A concurrent
validation database used in the present research. The matrix of predictor-criterion covariances
in this database were factored and rotated such that Horst’s differential index was maximized
in each successive factor (Zeidner & Johnson, 1989b, 1991b). This factoring was done in order
to identify the most classification-efficient factors in the joint predictor-criterion space and to
identify representative jobs that loaded differentially on these factors. Whetzel (1991) found that
the first factor, the g factor, accounted for 79 percent of the variance. However, with the first
factor removed it was determined that six factors contained jobs that loaded highly and
differentially on these factors and, therefore, yielded a classification-efficient solution. These
results meant that there were six non-trivial dimensions, besides the g factor, within the joint
predictor-criterion space.  For the present research, it is possible to examine the effects of
changing the dimensionality of the JP-C space in two different ways. One way is to compare
assignment using the standard Armed Services Vocational Aptitude Test Battery (ASVAB) with
assignment based on the ASVAB augmented by 20 new experimental predictors. The
experimental predictors should expand the dimensionality of the JP-C thereby providing for more
efficient classification. Another way of expanding the joint predictor-criterion space that will
be used in the present research is to increase the number of job families in a classification-
efficient manner. As the number of job families is increased, each job family will become more
homogeneous within itself (more unique components and less g). Each job family will also
become more heterogenous with respect to other job families if the job families are formed by
taking differential validity into account. In other words, the idea is to expand the joint space
by forming job families that are maximally different from one another.




Another of the key DAT principles states that the "best" selection and/or assignment
variable for maximizing either selection or classification efficiency is a full least squares (FLS)
regression composite. Note that this is a "full” composite, meaning that all of the tests in the
battery are to be included. A common misconception is that selected elimination of composites
in a battery to reduce the intercorrelations of test composites is helpful or even necessary to
increase classification efficiency. A set of FLS composites cannot be improved with respect to
classification efficiency by the elimination of tests that measure only g, or of any other tests that
might reduce the intercorrelation of test composites (Zeidner & Johnson, 1989b, 1991b).

There have been two empirical studies that have examined the potential of an FLS
composite for maximizing classification efficiency. Sorenson (1965) used simulation techniques
to compare the allocation to jobs based on full regression equations using all tests of the Army
Classification Battery instead of allocation based on two-test aptitude area composites. Sorenson
(1965) found that the gain in MPP over random assignment more than doubled by substituting
full regression equations for the aptitude areas. Nord and Schmitz (1989, 1991) simulated the
assignment of individuals to jobs in a very similar way to that used in the present research.
However, they used FLS composites with regression weights based in the nine aptitude area
composites, rather than directly on the ASVAB test scores. Nord and Schmitz (1989, 1991)
found gains in MPP of over 72% by using FLS assignment instead of the current U.S. Army
aptitude area composites. In the present research, a condition has been built into the design that
allows for another comparison of assignment with FLS composites instead of the current U.S.
Army aptitude area composites. However, unlike Nord and Schmitz (1989, 1991) the FLS
equation is based directly on the ASVAB test scores which should provide for even greater
expected gains in MPP.

Finally, the most relevant differential assignment principle for the present research is the
principle which states that, in general, increasing the number of assignment composites and
associated job families adds to potential classification efficiency. It is important to realize that
the magnitude of a gain in potential classification resulting from an increase in the number of
job families will depend on the method used to provide more job families and upon the
heterogeneity of the jobs in the joint predictor-criterion space. One of the best ways of

restructuring jobs in order to increase potential classification efficiency should be to reconstitute
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a total set of jobs into classification-efficient clusters. It is this last principle that is most directly
examined in the present research through the development of a classification-efficient method
of job clustering and use of a set of conditions to demonstrate the expected increase in MPP as
the number of job families increase.

C. Alternative Approaches for Improving PCE

There are many alternative approaches that could be employed to bring about
improvements in the selection and classification system of an organization such as the U.S.
Army. By far the largest improvements in personnel classification efficiency would come from
the substitution of FLS composites for the existing U.S. Army aptitude area composites.
However, there are a number of other promising changes that could provide appreciable amounts
of improvement in productivity that, for the most part, are additive to the gains due to the use
of FLS composites. Improvements could result from the creation and use of: a classification-
efficient (CE) test battery, more and better job families, better CE test composites as assignment
variables, and more effective assignment strategies.

1. Changing Test Battery Content

A set of test composites can provide no more PCE for a prescribed set of job families
than was provided in the test selection process that created the operational test battery. If it is
possible to change the content of the operational test battery, improvements in PCE could be
accomplished by selecting predictors that experts believe have a high degree of differential
validity (as contrasted with predictive validity) for inclusion in an experimental test pool. It
would then be possible to perform test selection employing indices that measure PCE to create
an operational battery with the best PCE.

Recently, Johnson, Zeidner, 'and Scholarios (1990) completed a study that compared
various test selection indices in terms of their potential for maximizing PCE. From an
experimental test pool of 29 tests (including the 9 ASVAB tests), tests were selected to create
FLS composites of five or ten tests. These test batteries were then used in the simulated
assignment of individuals to jobs and MPP was calculated to assess the efficiency of that

assignment. Two of the indices used to select tests were Horst’s differential index, Hy, and




Max-PSE which is a measure of selection efficiency. Use of the classification-efficient index,
H,, resulted in gains in MPP as great as 22% over the use of the selection-efficient index, Max-
PSE. Additionally, this study showed gains in MPP of approximately 25% when the number
of FLS predictors was increased from five to ten. Overall, it was concluded that classification-
efficient methods of test selection lead to greater MPP in an assigned group than a selection-
efficient method.

2. R in into New Famili

If an operational test battery were fixed and could not be readily changed, PCE could still
be improved by efficiently increasing the number of job families with their associated predictor
composites. It is estimated that an increase in the number of composites and associated job
families to somewhere between 20 and 40 would most likely provide the maximum efficiency
for Army jobs. In the present research, classification-efficient job families will be created using
H, that can be compared to job families formed using a selection-efficient method. These
empirical methods of forming job families will also be compared to the job family structures
currently used by the U.S. Army.

3. Changing Assignment Variables

The most important change in assignment variables that could be adopted by the Army
would be the conversion of the existing aptitude area test composites into least squares estimates
based on all tests in the classification battery, i.e., using predicted performance as the basis of
assignment rather than test composites. These full least squares (FLS) composites are optimal
for both selection and classification of personnel.

The use of numerous test composites would require the Army to record many scores on
each soldier’s official record. One way to use many assignment composites would be to install
a two-tiered system in which the large number of FLS composites are used to make
recommendations regarding assignment, while a much smaller number of factor scores are used
for counseling. These factor scores would also be used as a basis for setting minimum cutting
scores for entry into special training programs, as a career planning aid to be available to the
soldier, and for other personnel management purposes, such as retention and promotion. A

study is currently underway to assess the amount of PCE that can be provided by a small
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number of factor scores. This study is designed to compare the PCE prcvided by a number of
different types of assignment composites.
4, Changi ion-Assignm i

Improvements in PCE could be made through the consideration of different
selection/assignment strategies. One simple selection/assignment method would be a two-stage
strategy in which applicants are selected based on a single predictor and then assigned to specific
jobs using multiple assignment variables. However, a possibly more efficient
selection/assignment strategy for practical implementation would be a simultaneous selection and
optimal classification system called the multidimensional screening (MDS) procedure (Johnson
& Zeidner, 1990, 1991).

The MDS procedure is best understood in the context of Brogden’s (1959) model where
each predictor is an FLS composite yielding a score that divides into a general (g) and a unique
(u) component. Brogden (1959) discussed an assignment strategy in which applicants are
simultaneously selected and classified into jobs using only the unique components, and he states
that "removal of the common component will be shown to have no eff~ct on the classification
of {individuals] or on the allocation average" (p. 184). MDS is a modification of Brogden’s
model to reflect a simultaneous strategy in which selection and classification is accomplished
using a separate FLS composite for each job that incorporates both the g and u components.
This strategy is an important improvement in Brogden’s model because it allows for a larger
gain in mean predicted performance due to selection when g constitutes a large part of each
score (as is usually the case).

Whetzel (1991) completed a simulation study that compared three methods of
selection/assignment: selection on g and then assignment on the FLS composite (two-stage
strategy); selection and assignment based only on g; and simultaneously selecting and assigning
on FLS (multidimensional screening). Whetzel (1991) found that MDS was far superior in terms
of gain in MPP compared to selecting and assigning solely on g. MDS was also statistically
greater in terms of gains in MPP than selection on g and assigning on FLS, but the gains were
more modest. It was concluded from this study that the largest and most dramatic increase in

MPP comes from the use of FLS composites in a two-stage selection/classification process. A
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smaller, but still worthwhile, improvement results from the integration of selection and
classification procedures using the MDS algorithm.
ing Criterion Variabl Increasing Validity Information

Finally, all approaches relating to a redesign of the classification system could be made
more effectively, providing greater classification efficiency, if: (1) the criterion variables were
more reliable and more accurate measures of the value of the individual in the accomplishment
of the mission; and (2) the analysis samples on which validity data are computed were larger.
Our knowledge of the effect of sample size on the stability of regression weights is extensive.
However, this knowledge does not translate to predicting the effect of analysis sample size on
MPP after optimal assignment of a pool of candidates to jobs. While we do not in this study
directly measure the impact of criterion quality and the size of analysis samples on MPP, further
insight on this issue can be obtained from this study.

D. Current Trends
1, Validi neralization

In recent decades, there has been a steady decline in research and application pertaining
to classification. The most popular trend in personnel research in recent decades has been the
validity generalization movement (Schmidt & Hunter, 1977). The research that has come out
of VG has led to the conclusion that there is an all-pervasive general cognitive ability (g)
component that is the best measure for predicting job performance. Although general cognitive
ability contributes substantially to efficient selection, it leaves little room for classification and
has led to a general pessimism on the part of many researchers about the future usefulness of
classification batteries. This pessimism is unfounded, however, and is due mainly to
misunderstandings about classification. Differential assignment theory has been introduced to
dispel some of these misunderstandings and to demonstrate the tremendously important role that
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